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ABSTRACT

The objective of this investigation was to evaluate three different battery
analytical :odels for predicting electric venhicle battery output and the corre-
sponding electric vehicle range for various driving cycles as described by
SAE-J22?7a, The approach consisted of using the models to predict output and
range, then comparing the results with experimentally determined values. The
latter were determined by laboratory tests on batteries, using discharge cycles
identical to those encountered by an actual electric vehicle while on the SAE
cycles. Results indicated that the so-called Modified Hoxie Model gave the best
predictions with an accuracy of about 97-98% in most cases and 86% in the worst
case. Solution of this model required lengthy iterative calculations that were
carried out with a computer, The program that was written to perform these cal-
culations is included in this report. Also described are the program and nard-
ware that were used to automatically discharge the battery in accord with the
current profiles corresponding to the SAE driving cycles, Tuture efforts are
recommended using these models to predict the effect of battery type on range of

a wide variety of vehicles.
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SECTION I
INTRODUCTION

Public f.aw 94-413, the Electric and Hybrid Research, Development, and

Demongtration Act of 1976, authorizes a broad program designed to promote electric

and hybrid vehicle technologies and to demonstrate the commercial feasibility of
these systems. Activities under the Act will require a great deal of road test-

ing of existing and advanced vehicles. This testing is quite time consuming and

costly due to the need for a) development and integration of complex instrumenta-

tion systems, b) transportation of vehicles to and from test tracks, c¢) track

costs, d) per diem costs, e) lengthy test procedures which must often be repeated

due to weather conditions, f) computer time for processing data, and g) appreci-
able amounts of engineeving labor for data reduction and analysis. Throughout
the course of the Act the road tests alone could amount to ceveral hundreds of
thousands of dollars or even millions of dollars depending upon the required

number of tests.

One method for sharply reducing the time and cost of such tests is Ly devel-

opment and use of anaiytical vehicle models. Once these models are developed,

it is possible to carry out computer simulation runs and determine all the infor-

mation that could be ohtained in a road test, i.e,, range, energy economy,

acceleration capability, gradability, component and overall vehicle efficiency,

etc., The runs can be carried out at a fraction of the cost of the road tests,

Successful development of a vehicle model requires detailed knowledge and
analytical models of the vehicle's powertrain components including charger,

battery, controller, motor, and gear train,

The scope of this investigation was limited to study of one of the above
components, the battery, The ohbjective was to test the relative accuracies of
three previously proposed battery models in predicting battery performance, In
particular it was desired to establish which of the three models gave the best
prediction of electric vaghicle battery output and corresponding electric vehicle
range when subjected to selected driving patterns. The models of concern are

2
referred to as the a) Fractional Utilization Model,(l) b) Shepherd Model,(“)
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and c) Modified Hoxie Model.(3) The driving patterns of concem are Schedules B,
C, and D, of SAE-J227a.(4)

’
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SECTION II
APPROACH

Approach to the problem consisted of both analytical and experimental
investigations on an ESB EV-106 lead-acid battery, The analytical effort con-
sisted of using the models to predict battery output when subjected to discharge
regimes associated with the SAE driving cycles. The calculated outputs were then
used to predict vehicle range in the manner described below. The experimental
effort consisted of lahoratory tests on the battery to determine actual outputs
whei. subjected to the identical regimes as above. The measured outputs were
then used to calculate range in the manner described below. A comparison was
then made of actual and analytically predicted output to test accuracy of the

models.

A, ANALYTICAL

Theoretical nrediction of range for each of the models was carried cut in
the following manner, First, a current-time profile curve was obtained for each
of the driving cycles. These profile curves were taken from prior road tests on
the experimental Ripp-Electric vehicle (described in Section 1V). Next, the cur-
rent values from these profile curves were inserted into the wodels (with EV-106
. onstants) which were then solved to yicld the¢ number of drviving cycles an
EV-106 battery could complete to a defined end point. The range per cycle was
then computed from the known velocity profile associated with the cycle. Finally,
the total predicted range was taken as the product of number of cycles and range

in kilometers (miles) per cycle.

B, I'YPEKIMENTAL

Experimental determination of range was carried out in the following manner.
First, the same current-time profiles as above were taken for each of the driving
cycles. Next, a computer program was written to have JPL's Automatic Charge-
Discharge Controller and Data Processing System operate hardware (power supplv and
load) to discharg> an EV=106 battery in accord with the given current-tine profile.
Then the test was performed to determine the nurber o cycles to a defined cutoff
point. Finally, the range was computed in the same rner as abhove, 1.e., product

of number of cycles and range in kilometers (miles) nur cyele.

2-1
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SECTION III
DESCRIPTION OF MODELS

A. FRACTIONAL UTILIZATION MODEL
The Fractional Utilization Model was examined for its range prediction

1)

capability in a recent study by the General Research Co. The model is based
on the assumption that during each increment of time, At, &« portion of the
battery weight is depleted. As employed here, the term "depleted" means the
expenditure of a given amount of discharge energy. This does not imply that the
pertion of the batter, weight is permanently lost, as it can be subsequently

rechargzd to supply additional energy. The portion depleted is:

P, At
AW, = (1
/
B E (Pj,WB)
where

AWB = portion of battery depleted during At, kg (1lbs)

Pj = battery power required cduring the jth interval, watts (product
of average voltage and known current)

At = time cf jth interval, hrs

E(Pj/wB) = specific energy density, watt-hrs/kg (watt-hrs/lb), which

corresponds to the power density, Pj/wB’ watts/lb (this may be
obtained from the manufacturer’s plot of energy density vs.

power density, or may be obtalned experimentally).

The current profile during each driving cycle is approximated by a series
of constant current steps, and the weight of the battery consumaed during each
step is computed by Eq. 1. The individual weights are then summad to give the
total welght consumed ver cycle. The sumber of cycles is obtained by dividing
the total battery weight by the weight consumed per cycla. The range is taken
as product of number of cycles and kilometers (miles) per cycle as above. The
computational process is quite simple and can readily be carried out by means of

a hand calculator.

3-1
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B. SHEPHERD MODEL

The Shepherd Model was developed several years ago to characterize battery
discharge data, It has, however, only recently been congidered for use in clec-
tric vehicle applications, The model gives the relatifonship between battery

voltages and current in accord with the following equation:

=E -wNi- (22—
E=E -Ni (Q_it ) Ki (2)

where
E = battery operating voltage, volts
i = current, amps
= time, hrs

E = experimentally determined constant that corresponds to reference

voltage, volts

N = csperimentally determined ccnstant that corresponds to internal

resistance, ohms

K = experimentally determined constant that corresponds to polarization

resistance, ohms

Q = experimentally determined constant that co.responds to battery

capacity, amp~hrs,

Values of th> cantants E , N, K, and 0 :zan be obtained either by the method
given by Shepherd( ’ or by Tnylor and Siwak.(3) In this investigation, the
conatants were determined by the latter method, employing constant current dis-

charge data supplied by ESB, ()

The model is used to predict range in the following manner. First, the
battery is assumed to be completely discharged when its terminal voltage reaches

32
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3.00 volts at the highest discharge current. On this basis, we substitute the

value of 3.00 volts for "E" in Equ. 2. Next, the current prorile during a

driving cycle is approximated by a series of constant current steps as above.

The product "it" is computed for each step and then suumed for the cy.le, The

highest value of current frem the above steps is then substituted for the value
w1t

of "{" in Eqn. 2, The number of ecycles "n'" that the battery can deliver is then

determined by substituting the above values in Eqn. 2 and solving for "n"

3.00 Ls \imax (Q-nlt) max %)
Range is taken as the product of number of cycles and kilometers (miles) per
cycle s above. The computational process is quite simple and can be carried out

by means of a hand calculator.

C. M DIFIED HOXIF MODEL
(6)

The original Poxie Model was used to calculate the number of positive
plates required for a hattery to mcet a specified load profile, such as given in
Iig. 1. The model required discharge data in the form of time to cutoff at a
specified voltage versus discharge rate. The required number of plates was

determined by the following equation

Al Ay - A Ag- Ay Ay = Ap
P =-R— + R + R + ... F (4)
1 2 3 n
whe- .
P = number of plates required
Al’ A,, Ag... = amperes for periods 1, 2, 3 etc

Tl’ T2, T3... = time in hrs as indicated in Fig. 1
Rl' RZ' Rg... = amperes per positive plate for time. 12, and T3,...

respectively (these currents are t: .. “com the time to

cutoff vs, discharge rate data referreua v above).

3-3
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A = CURRENT, AMPS

T = TIME, HRS A
‘ |
| A3
A2 I
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Figure 1. Typical Load Profile lor Original Hoxie Model

A unique feature of the Hoxie Model is that it allows for capacity recuperia-
tion effects during periods of low current and open circuit as will subsequently

be shown,

Another application of the Hoxle Model is to solve for the output time at
known current and with a fixed number of plates. This requires an iterative
computational process, as the time for complete discharge, Tl, is unknown. One
must first assume a value of Tl, calculate the summation in Eqn. 4, and then
compare the result with the selected number of plates. The process is repeated

until the summation equals the selected number of plates.,

This latter approach has served as a basis for development of the so=-called
Modified Hoxie Model given by Taylor and Siwek.(a) The model is used to predict
the output of a single battery, rather than a number of plates. The model
requires diccharge data (as above) that relates time to cutoff and discharge
rate. This discharge data can be expressed analytically in terms of the Shepherd
congtants given as follows:

34
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where

AE

The model states that the battery is completely discharged when the sum of

the terms on the right-hand side of the following equation equals one:

where

Al’

Els tps tg een

R(tl). R(tz)
R(t

A

77-29

AE £+ QN + X)

(ke + NQ + kQ)*

i= +
2N t
C

current, amps

S

4N2

t

2
c

time to cutoff to a given voltage, hrs

3.00 volts in the case of EV-106 batteries)

Shepherd constant as above

= Shepherd constant as above

= Shepherd constant as above

A Ay = 4y

Ay = A,

1= + +

R(tl) R(tz) R(t3)

A

gv Ag ene

3)

v oy PO W

one complete battery

3~5

+

A

n

n-~1

R(tn)

_ Qe

Nt
c

= time in hrs as indicated in Fig, 2

= amperes tor periods 1, 2, 3 etc in Fig, 2

(these currents are computed from Eqn. 5).

(5)

E =~ Ec’ volts (Es is a Shepherd constant and EC is cutoff voltage,

(6)

= amperes per battery for times tl’ t2, t3 +s+ respectively
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A = CURRENT, AMPS
t = TIMEMRS

}
|
|
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A -1
3 | ‘ -1
Al | | : ] : An
Aat |
| 2‘ | I
I ) | R BN )
| ) |
| | : :‘—tn—_l
L |
| | t‘: n-1 |
|
e ts -
- t2 -
- 1 "

Figure 2, Generalized Toad Profile for Modified Hox.e Model

Eqn. 6 is solved by the iterative process described above, i.e., by assuming
a value of tys computing the sum, and then repeating the process if the sum is

greater or legs than one,

Due to the lengtiny calculations, it was necessary to set up a computer pro-
gram to solve Eqn. 6 for the total operating time and number of driving cycles.
A complete description of the program labeled Program "VCTIR" is given in
Appendix A-l1. Input parameters are given as currents and times of the driving
cycles as well as values of the Shepherd constants. Output of the program is
total operating time and number of diiving cycles that the battery can deliver.
Range is again taken as product of number of driving cycles and kilometers (miles)
per cycle. It is well to point out that now that the program has been set up, it

can be used not only to predict the etfaect of typa of driving cvcle on range, as

36
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is done herein, but also the effect of type of battery on range (by merely

inserting the appropriate Shepherd constants for the battery of interest)
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SECTION IV

DRIVIG CYCLES AND CURRENT PROFILES

A schematic of an SAE J227-a driving cycle is given in Fig. 3. The cycle
is broken down into five perinds consisting of an acceleration period (ta), a
cruise period (tcr), a coast period (tco), a orake period (tb), and an idle
period (ti). Time and maximum speed attained during the acceleration period are
cpecified in the SAE procedure. Time and speed of the cruise period are speci-
fied in the procedure. Time of the coast perlod is specified in the procedure,
and speed at the end of this period 1s determined experimentally om thc vehicle.
Time of the brake period and zero speed at the end of this period are specified

{

in the procedure. Time and zero speed during the idle period are also specified

in the procedure.

Figures 4, 5, and 6 give the velocity profiles of the Ripp-Electric Vehicle
while on Driving Schedules "B", "C", and "D" of SAE-J227a. Maximum cruise speeds
for Schedules "B", "C", and "D" are noted to be 32.2, 48.3, and 72.4 km/hr (20,
30, and 45 mph) respectively. Total operating times on Schedules gt "c", and '"D"
are noted to be 72, 80, and 122 sec/cycle respectively. Distance traveled during
each cycle may be computed by taking the sum of the product of average speed and
indicated times during each segment of the cycle. For Schadules "B", "C", and "D"
the computed .istances are 0.3377, 0.5389, and 1.5451 km/cycle (0.2099, 0,3349,
and 0.960N3 miles/cycle) respectively.

Road tests established how battery currents varied during the course of a
driving cycle. During acceleration, for example, the current was found to
increase in an essentially linear manner with time. At the completion of the
acceleration period, the current dropped sharply to a lower level and maintained
this level Juring the cruise period. At the completion of the cruise period,
the currc..t dropped sharply to zero and maintained this value during the periods
of coast, brakae, and idle.

Figures 7, 8, and 9 give tha current profiles experienced by the Ripp-Ilectric
Vehicle battery during the course of vehicle operation on driving schedules "B",
"c", and "D" of SAE-J227a. Figura 7 gives the profile for schedule "', It is
noted th.rein that the peak current attained after 19 sec of acceleration is
100 amp and that the steady current during the 19 sec of cruise is 30 amp.

4-1
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Figure 4, Velocity Profile of Ripp-Electric Vehicle on Schedule "B"
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Figure 5. Velocity Profile of Ripp-Electric Vehicle on Schedule
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Figure 6. Velocity Profile of Ripp-Electric Vehicle on Schedule **D"
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Figure 7. Current Profile of Ripp-Electric Vehicle
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Figure 8, Current Profile of Ripp-Electric Vehicle
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Figure 9, Current Profile of Ripp-~Electric Vehicle

Battery on Schedule "D"
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Figure 8 gives the profile for schedule "C", It is noted therein that the peak
current attained after the 18 sec of acceleration is 216 amp and that the steady
current during the 20 sec of cruise is 54.6 amp. Figure 9 gives the profile for
schedule "D". It is noted therein that the peak current attained after 28 sec
of acceleration is 375 amp and that the steady current during the 50 sec of

cruige is 88.7 amp.

Input data format for the models described herein requires constant current,
rather than linearly varying current with time. For this reason, the linearly
varying current ramp during acceleration is approximated by a series of step
currents as indicated in Figs. 10, 11, and 12 for schedules "B", "C", and "D",
respectively. For schedule "B'" in Fig. 10, the 19 sec acceleration ramp is
divided into two equal periods of 9.5 sec each. During the first 9.5 sec period
the current is specified as 25 amp or 1/4 of the peak current of 100 amp. During
the second 9.5 sec period the current is specified as 75 amp or 3/4 of the peak

current of 100 amp. In this manner, the average current is the same as for the

LEGEND
300 | - -~ ACTUAL
—— STEPWISE CURRENT
APPROXIMATION
200 |-
CURRENT
AMPS
100 o "-5A
259,’ 35A
0 9,519, —@§I5t— 25 I SR

0 10 20 30 40 50 60 70 80 90 100 110120
TIME, sec

Figure 10. Stepwise Current Approximation for Ripp-Electric
Vehicle Battery on Schedule "B"
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Figuze 11. Stepwise Current Approximation for Ripp-Electric
Vehicle Battery on Schedule "C"
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Figure 12, Stepwise Current Approximation for Ripp-Electric
Vehicle Battery on Schedule "D"
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case where the current increases linearly to 100 amp over a 19 sec period,
Similarly for schedule "C" in Fig. 1l the 18 sec acceleration ramp is divided into
two 9 sec periods, during the first of which the current is 54 amp, and during

the second of which the current is 162 amp. Similarly for schedule "D" in

Fig. 12, the 28 sec acceleration ramp is divided into two 14 sec periods, during

the first of which the current is 94 amp, and during the second of which the
current is 281 amp.
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SECTION V
INPUT DATA FOR Wi .

Range prediction via each of the mode=ls .- ..ced the following input data

for cycle sud €LV-106 parameters.

A. FRACTIONAL V.iL1YTION MODEL
(1) Weight of bavriery = 28,4 kg . /., lbs)

(2) Average assumed discharge volrage = 5,65 volts
(3) Step current profiles (as given in Figs 10 through 12)

{4) Energy density vs. power density (from manufacturers' data given in
Fig. 13) ©)

(5) Range per cycle = 0.3377 km/cycle (0.2099 mi/cycle for schedule "B")
0.5389 km/cycle (0.3349 mi/cycle for schedule "C")

1.5451 km/cycle (0.9603 mi/cycle for schedule '"D").

B. SHEPHEKD MODEL
(@) E Ltoff ™ 3,00 volts (this represents manui: turers' recommended

cutoff; the value can, of course, be varied)

(2) Eg = 6.15 volts
(3) Q =170 amp-hr
(4) N = =0,0013 ohms j
(5) K = 0,0038 ohms

(6) Step current profiles (as given in Figs. 10 through 12)
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(7; Range per cvcle = 2.3377 km/cycle (N.2099 mi/cvcle for schedule "B")
0.538Y km/cycle (0.3349 mi/cycle for schedule "C")
1.5451 km/cycle (0.9603 mi/cycle for schedule “DY).

C. MODIFIED HOXIE MODEL*

(1) Es = 6.15 volts

(2) AE =E -E * 6.15 volts - 5.25 volts = 0.90 volts

s “cutoff

(3) Q=170 amp-hr

(4) N = -0.0013 ohms :
?

(5) K = 0.0038 ohms [

(6) UPeak current at end of accele:ation ramp
100 amps for schedule ' "
216 amps for schedule "C"

375 amps for schedule "D"

(7) Time cduration of acceleration ramp
19 sec for schedule "B
18 sec for schedule "C"

29 sec for schedule "D"

(8) Number of steps in acceleration ramp

2 for schedules "B", "C", and "D"

(9) Current during cruise period
35.0 amps for schedule "B"
54.6 amps for schedule "C"
88.7 amps for schedule "D"

*
NOIE: A computer program designated "Program VCTIR" was set up to solve Eqn. 6
for a) time to cutoff, and b) number of cycles using the above or any other values

of cycle and battery parameters. This program is described in Appendix A-1.




(10)

(11)
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Time duration of cruise period
19 sec for schedule "B"
20 sec for schedule "C"

50 sec for schedule "D"

Time duration at open circuit (coast time + brake time + idle time)
34 sec for schedule "B"
42 sec for schedule "C"

44 gec for schedule "D"
Range per cycle = 0.3377 km/cycle (0.2099 mi/cycle for schedule "B")

0.5389 km/cycle (0.3349 mi/cycle for schedule "C")
1.5451 km/cycle (0.9603 mi/cycle for schedule '"D")

5-4
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SECTION VI
DRIVING CYCLE LABORATORY SIMULATION TESTS

A computer program operating in a real-time operating system environment on
JPL's Automatic Charge-Discharge Controller and Data Processing System (ACDCDPS)
simulates various driving cycle current profiles according to SAE 227A require-
ments. Parameters input during the initial execution of this program predeter-
mine the driving schedule that will be simulated and the voltage limit for ter-

mination of the test.

The program transmits data to a relay-output card and a resistance output
card, both located in an HP 6941B Multiprogrammer Extender (Digital Input/Output
Multiplexor Subsystem) within the ACDCDPS. The relay-output card operates a
400A contactor that controls the two states of the battery under test; discharge
or open circuit. The resistance output card controls the output current of a
resistance-programmable, constant current HP 6466C DC Power Supply through the
battery and a diode load network. An HP-supplied subrcutine is entered at several
locations in the program to suspend execution. The resulting delays in execution

contvol the resistance card output and relay output with respect to time.

An operator enters the time delays in units of 10-milliseconds and two
nctal intzgers that relate to the peak current during acceleratinn and constant
current during cruise, respectively. Then, an additional entry to display the

values entered, start the testing, or stop program execution entirely.

Battery voltage is measured (1) approximately 30 milliseconds before the
start of the acceleration current profile, (2) approximately 30 milliseconds after
the peak current is reached at the end of the acceleratio current ramp, and

(3) again approximately 30 milliseconds after the end of the constant current

cruise period,

A diagram of the ADCDDPS, the test layout, and program listing, designated
as "BTEST", appear 11 Appendix A-Z.
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The current profiles to which the EV-106 battery was subjectad are given

in Figs. 7, 8, and 9 for schedules "B", "C", and "D" respectively.

The batteries were charged overnight at constant current until specific

gravities were in the range o1 1.29 to 1.30 at 90°F. Discharge was carried out

at ambient temperature near 70°F.
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SECTION VII i
RESULTS ,
i

Table 1 gives a comparison of the analytically predicted driviag cycles and
range with the experimentally determined driving cycles and range as simulated in
the laboratory with an EV~106 battery. The first column designates the type of ; i
predictive model and also the axperimental result. The next two columns give i
both predicted and actual number of cycles ana corresponding range when subjected
to the current profile of Schedule "B". The next two columns give toth predict>-
and actual unumber of cycles and corresponding range when subjecced to the current
profile of Schedule "C". The last two columns give both predicted and actual
number of cycles and corresponding range when subjected to the current p-ofile
of Schedule 'D". Experimentally determined battery voltages during the course

of these tests are given in Appendix A-3.

Experimentally determined amp-hr outputs for Schedules "B', "C", and 'D"
were 173.2 All, 155.0 Al, and 131.5 AH, respectively.
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SECTION VIIIL
SUMMARY AND CONCLUSIONS

Inspection of Table 1 indicates that the !Modified lloxic model gives the
highest predicted range aud number of driving cycles. This result is explained
by the fact that this model takes into account batter:r recuperative effects
while the other models do not take these effects into account. Further, it is
noted that the experimental results agree very favorably with those predicted by
the !fodified Hoxie model. For Schedules C and D, the model overestimates the
range by 2% and 14%, respectively, and for Schedule B the model underestimates
range Dy 27%. The Shepherd model predicts somewhat lower ranges than actual alchough
the discrepancy is not tco large (from 6 to 10% less depending on the Schedule).
The Fractional Utilization model yields appreciably lower ranges than actual
(from 11 to 37% less depending on the Schedule) and is the least accurate of the

models.

Basad on the above, it appears that the Modified Hoxie model may be used
with high degree of confidence in predicting vehicle range. Accuracy of the

model is 97 to 987 in most cases and 867 in the worst case.

Range prediction via the Modified lloxie model is quite simple and rapid once
the computer program has been written to solve the model's iterative calculations.
Required inputs are simply: a) maximum current at end of acceleration and dur-
ing cruise, b) the specified times associated with the various segments of the
SAE J227a driving cycles, and ¢) the Shepherd conmstants for the battery of
interest. This input data has already been obtained in the case of the Ripp-
Electric vehicle with EV-106 batteries. The data may be obtained quite readily
for other vehicles and batteries by short-term tests on these vehicles and
batteries. Once the input data is entered, the computer solves for number ~f

cycles and range in a matter of only a few seconds.

s,

<t U O T 5 b2 e

-, e

scanmrers
PR

o, o



n-mom%;mmma 1

Tene

N N e

RS e pougen 0 -

AR B BTN B Y S

77-29

SECTION IX
RECOMMENDED FUTURE EFFORTS

Having demonstrated a high degree of accuracy of the Modified Hoxie model,
it can now be used in a number of significant applications. One of these would
involve range prediction for the Ripp-Eleciric Vehicle on the SAE driving
schedules with batteries other than the EV-106"'s., Amongst the other batteries
to be examined are other types of lead-acid batteries as well as Ni-Zn, Ni-Fe,

Zn-Cl,, Zn-Br, Fe-Air, Na-S, and LiAl-FeS batteries, Another application would

2
involve range predictions for other electric vehicles on the 5AE driving schedules
with the EV-106 and other batteries described above. Another application would
involve range predictions for advanced electric vehicles that remain yet on the
draw.ng board. 'These predictions could be carried out for the SAE driving
schedules with EV~106 and other batteries described above. 1ln this case, the

currents during acceleration and cruise would be estimated from overall vehicle

design models.

Results of the above efforts will help to implement in a timely and cost-
effective manner the provisions of the L[lectric and Hybrid Research and Devel-
opment Act of 1976 (Public Law 94-413), dealing with development of advancedl
electric vehicles. On this basis, it is strongly recommended that the proposed

efforts be initiated as soon as possible.
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APPENDIX A-~1

® Description of Program "VCTIR"

® Listing of Program VCTIR
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APPENDIX A-1

DESCRIPTION OF PROGRAM VCTIR

Program VCTIR calculates the number of driving cycles and the total elapsed
time for a battery (having specified battery constants) to be reduced to its
cutoff voltage. The method used is to divide each cycle into intervals of
constant amperage levels and calculate the following sum over all cycles:

where A,, Az, A3, ++. Ay are the amperage levels over all cycles, and Ij, I, I4,
«+» Iy are the values of the current for which the battery will reach its cutoff
voltage in time T,, Ty, T3, eoo Tyye T is the total time for all cycles,

Ty = Ty - (time duration of level A1), T3 = T - (time duration of level Aj),

«+. and Ty is the time duration of the last amperage level. The value of T] for

which S2 = 1 is the theoretical time for the battery to reach its cutoff voltage
for the specified driving cycle.

The driving cycle consists of the following three parts:

1) A discharge ramp from zero amps to some level x amps in time TR
hours,

(A linear ramp is approximated by NINC rectangular steps.)
The first and last steps are AINC amps in height, and the intervening
steps are ASTEP amps in height, wher:z ASTEP = AH/NINC amps and

AINC = ASTEP/2 amps. The time duration of each step in the ramp is
TINC = TR/NINC hours.

2) A constant discharge (cruise) amperage level of AL amps for a time
duration of TDL hours.

3) An open circuit périod of TO hours,
The program calculates the value of Ty for which S2 = 1, using siccessive
approximations, That is, 2 guess is made %or Ty, then S2 is calculated for that

Tl‘ If S2 = 1 somewhere within the last cycle for that value of Ty. the calcula-

tion ig finighed. Otherwise, a better gu28s is mace for T;, the sum $2 is again
calculated, and so on until the sur S2 = 1,

The program listing is given on the following pages.
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PAGE o0coO1l FTNd CONPILZF: HP24177 (SEPT 19374)

N4 ., L

FROGRAM ¥CTIR
PROGRAM TO CALCULATE NO. OF DRIVING CYCLES AND TOTAL ELAPSED TIMNZ
FOR & 2ATTERY. HAVING SPECIFIED BATTERY CILSTANTS, TO BE WEDU ZD 10
ITS CUTOFF YOLTRGE
THE PMETHOD USED IS TO DIVIDE ZAlH CYCLE INTO INTERYHILS 9% CONITANT
AMPERAGE LEYEL AND CALCULATE THE FOLLODWING SUM OYWER wmit YL ES

§$2 = RIJIL + (A2-112/12 + CA3-A2)713 + + AN-ALH- 40Ty

WHERE A1.,A2,A3,. .AN ARE THE AMPERAGE LEVYELS OYER ALL CYZLES
AND T1,12.13, IN APT THE VYRLUZS OF THE CURRENT FOR WHICH TH:-

BATTERY WILL REACH ITS CUTLFF YOLTARGE IN TIME T1,T2,T75. ... TH
Tt IS THE TOTwaL TINE., Ih HOURS, FOR &4LL CYCLES, T2=T1-(TIME Dysn-
TION OF LEVEL A1), T3=T2-(TINF DURATION O0F LEVYEL A2) AHD TH I3

THE TIMAE DURATION OF THE LAST RAPERASE LEVEL.

THE VYALUE 0% T1 “0R WHICH 32=1 [S THZ THEJDRETICAL TIME FIR TH:I
BATTERY TO SEACH ITS CUTOFS VIOLTAGE FOR THE SPECIFIED DRIVING
cycLe T1 IS CALCULATED USING SUCCESSIVE APPROXIMATIONS <1 €
GUESS T1 THEN CALCULATE S2:

CIMENSION IRAP(S)
FE4L N,k
DATA JY/Z1HY/, IJN/ZLHN/
CEFAULT BATTERY CONSTANTS
INITIAL BATTERY VOLTAGRE MIMUS CUTOFF VOLTAGE (VOLTS)
REFERENCE CAPACITY (AMP-HRS)
INTESNAL RESISTANCE (Q4HS >
POLASIZATION RESISTRNCE ¢ OHNS:
CATA E/.900/,0/213 0/.N/- 004100/,K/ 000600/
SEYT LOSICHL UNIT NO. FOR [/0 TO LOGICAL UNIT NO OF USER’S DEVICE
CALL RMUPARCIRMP)
LiU=IRNP(1)
IF (LU EQ@.0) LU=
WRITE «LU,200)
0 FORMAT (/“PROGRAM VCTIR READY:*)
NRITE (LVU.%202)
2 FOSMAT (*“NOTE. WHILE ENTERING CYCLE PARAMEYERS YOU Mav*/
r« TESHIAATE THE PROGPAM SY ENTERPING R NEGATIVE NUMBER "/

xxToOmMm
1]

INPUT CORIVING T/ _E FR"AMETERS
ORIVING C¥C.E WI..L ( SIST OF 3 PARTS. as FOLLOWS:
A> R DISCHARGE 24 GOIN, FRIM ¢ AMPS T0 AH AMPS IMN TIME 13 HR3.
Cip LIHESE R0t SILL TE APPROZIMATED BY NINT ReriuwdGULHR
STEFS THE FIRST Ant LAST STFPS WILL 3F AINC AMPS IH H4II1GH
AND THE ITERVENING STEPS WILL BRE ASTEC AMPS [N HEISHT. uHERE
ASTEFP=AN/MINC AMFS AND A'NC=ASTEP/2 AMPS THE TIME DURATION
OF EACH STEP IN TH: FaM? IS TINMC=TR/NINC MRS
By ft CONSTANT [DISCHRROGE « CRUISE) HAPERAGE (EVEL OF WL aM¥S§ FOv
# TIMNE DURATION OF TOL HRS
C> AN OPEN-CIRCULT PERIOD OF TC H®S

JRITE (LU, 910)
o FIRMA. ("PEAX RANP DISCHARGE RATE (AMPS): L

READ (LU, %> AN

IF (AH LT ¢) STOF

A-1.2



0087
0038
6039
0060
voel
¢062
0063
0064
- 0065
¢06e
Goe?
G068
0069
0070
cort
Gora
0073
0074
0073
0076
[Xordrd
oors
0079
0080
0081
0082
0083
0084
0089
0086
0087
0088
0089
0090
0091
0092
0093
0094
009S
009¢
0097
0098
0099
0100
0101
0102
0103
0104
0108
6106
oto?
0108
6109
0119
A LARR!
I 1L

e dmmene ror

gy = P —— e -

PAGE

911 FORMAT (“LOV (CRUISE)> DISCHARGE RATE (ANPS):
READ (LU.*) AL
IF (AL .LT.¢) STOP
URITE (LU.,9113)
9113 FORMAT (*TINE DURATION OF RAMP (SEC):
READ (LU,*> TR
IF (TR.LT.0) STOP
TR=TR/2600.
WRITE (LU.,9116)
9116 FORMAT (*NO. OF STEPS IN RANP:
READ (LU,*)> NINC
IF (NINC.LY.0) STOP
VRITE (LU,913)
213 FORMAT (“TIMNE DURATION AT LOU DISCHARGE (SEC):
READ (LU, *> TDL
IF (TDL.LT.0) STOP
TOL=TDL/3600.
URITE (LU.%214)
914 FORMAT (*TINE DURATION AT OPEN CIRCUIT (SEC):
READ (LU.,»> TO
IF (TO.LT.0. STOP
T0=T0/3600.
¢
C CHECKX IF DEFAULY BATTERY CONSTANTS TO0 BE USED
o
100 URITE (LU.9%16>
91¢ FORMAT ("HSE DEFAULT BATTERY CONSTANTS? VY/N:
READ (LU.917) KIHW
9217 FORMAY (Al)
IF (KIN.EQ.JY)> GITO 23¢
IF (KIN.NE.JN) GOTO 100
C
C GET BATTERY CONSTANTS
c
MRITE (LU.9218)
918 FORMAT (*DELTA E (VOLTE): _")
READ (LU.*) E
SRITE (LU.,¥%20)
92¢ FORMAT ("Q (RNP-HRS): -*)
READ (LU.») Q
URITE (LU.9%922)
922 FORNAT ("N (OHNS): ")
READ (LU.,*)> N
URITE (LU.92¢)
924 FORMAT ("K C(OMNS): <)
READ C(LU.,*) K
¢
C COMBINE PARANETERS FOR EFFICIENCY
¢
r 1Y Fale(N+K)
Be=2eN
CeB8ef
O=QsE/N

C ASTEP = ANPERAGE

77-29

0002 VCTIR FTN4 COMPILER: HP24177

WRITE (LU,911)

ASTEPRAN/NIN
STEPs Ine A-1.3

, fe v .-
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DIFFERENTIAL FOR INTERMEDIATE STEPS
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PRGE 2002 VCTIR FTN4 COMPILZR: HP24177 (SEPT 1974)

0113 C AINC = AMPERAGE VYALUE FOR FIRST STEP IN RAMP
ci114 AINC=RSTEP/2

0115 C TINC = TINE INTESVAL OF SACH STEP OF RAUP (HRS.
¢itle TIRT=TR/NINC

¢117 C TC = YINE OF ONE COMPLETE CYCLE (HRS:

¢118 TC2TR+TRL+TG

¢119 C AD = RAPEFRAGE DIFFENENCE BETWEEN CONSTANT DISCHARGE (CRUISEX RMATC

120 C RAND LWST STEP OF RAAP

ct21 AD=RL-AH+RINC

ot22 C

¢123 € USE SUCCESIVE CUESSES TO FIND THE TOTwL TIME AND NO 9OF CYCLE3 10
124 € RERCH THE BATTERY CUTOFF V¥OLTAGE FIRST, FIHD A VYALUE 0F TIHe. 1,
¢125 € FOR WHICH S2.1 START WITH THE GUESS T=10¢ HRS HS = HJ3 07 CYCLES
C12¢ C IN 16 HRS

¢izg? C

¢128 NC=,0./TC

¢1e9 NC=NL

0130 C E4CH TIME-GUESS., T. WILL ALWAYS BE AT THE END OF THE CRUISF P4RT
0131 £ OF A CYCLE (SINCE S2 IS NOT R SMOOTH FUNCTION OF T IT SHOULD SiLWeYS
0132 £ BE EVARLUATED AT THE SwME POINTY IN A CYCLED

«133 260 T=MCeTC+TR+TOL

124 C2=SUACT, NINC,AINC, TINC.RST=ZF AL . RD,E.F,B,C.D T2, TDL,TO. T, NCYC
0135 ¢ IF %=1 WE'RE DONE

¢13e IF (S2-1 ) 280,400,300

0137 2890 MCsMEC+HC

¢128 GOTO 2e¢

130 .

G140 C WE'VYE FOUND A T UHICH MAXES S251, NOW REVERSE DIRECTIOH AMD CREEP
c141 C UP ON THE VALUE OF T UHIiCcH MAXES THE Sun=1 BE MaY MAKE T 109
G142 C LARGE IR TOJ SMALL AND HAVE TO TEVERSE DIRECTION ADCITIONAL TINMES
143 C BEFOFE WME GEY THEIRE

144

¢145 300 NC=-NC
Glée 310 IF CIABSCNC) WE 1ty NC=NC-2

“w147 T=T+HC=TC

0148 C SAYE FPREVIOUS CALCULATION OF Sun

0149 $i=82

0150 C CALCULATE NEW VALUE 0OF st

151 S2=2SUNCT ,NINC,RINC, TINC,RSTEP . AL, RD,E.F.B.,C.,D, TR, TDL,TO, T.,HCYT
eiS2 C IF S2si WE'RE DONE

0183 IfF ¢S2 @t » GOYO 400

154 C CALCULATE SUM FOR ONE LESS CYCLE (SPSE) AND SUM FOK ONE MORE CTVyOLE
6158 ¢ «SPOST

61Se TPRE=T-TC

01s? SPRE=SUMC PRE.NINC,AINC, TINC,ASTEP. AL,

©158 CAD,E,F,8,C,C, TR, TOL.TO, TC,HCYC

0139 TPOST=T+TC

0160 SPOIST=SUNCTPOST . NINC. AIMC, TIHC. ASTEP. AL,

clet CAD.E,F.B.C,D, TR, TDL.TO, YC. NCYC

0162 C IF SPRE AND SPOST ARE ON OFPQSITE SIDES OF OME *EITHER IS LESS THAN
01€3 € ONE ANZ THE OTHER IS GREATIR THAN ONE) VE’'RE DONE

vind JF CSPRE LT WAND SPOST GT 1 > GOTO 400

01es IF ¢SFRE GT 1 ARD  SPOST LT t » GOYD 40¢

0166 C PREPARE FOR NEXT LOQOF IF ¢1-31) AND (1-32) ACE OF QPPOSITS 314
0167 € WE HAVI BRACKETED THE V¥wrlUS SUM=1 AND WE MUST CHAMNGE T IN Tyt

0168 C OPPOSITE CIRECTION
A-1.4
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4 PAGE 0004 VCTIR FTN4 COMPILEZR: HP24177 (SEPT. 1974)
0169 IF (SIGNCE..,(1.-S1)).EQ@ SIGNCL..,(1.-82))) GOTO 310

¢t?0 GOTO0 30¢

0171 C IF 82 » OR = 1, THE SUM IS EQUAL TO ONE IN THE PRECEDING CYCLE
] 0172 400 IF (S2.LT.1.3 GOTO 410

j ci?3 T=7-TC
3 0174 C IF V<0, WE REACHED CUTOFF IN THE FIRST CYCLE
4 0175 IF (T.LT.0> GOTO 420

0176 NCYC=NCYC-1

0177 410 WRITE C(LU.960) T.NCYC A
e178 960 FORMAT ("TINZ TO CUTOFF=",F?.2," HOURS, #CYCLESx=",]8/) -
01?79 ¢OTO 89 h

3

; 0180 420  URITE (LU.962) 1

4 01861 962  FORMAT ("CUTOFF OCCURS IM FIRSY CYCLE*/) I
o1e2 GOTO 8o
0183 EHD

; #+ NO ERRORSes PROGRAM = 01033 CONMON = 00000

:
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0184
018S
cige
0187
¢168
189
190
G191
0t92
0193
0194
619S
0196
¢t1e?
G198
G199
0200
02061
0202
02¢3
0204
G208
0206
0207
¢208
02¢9
0210
0211
0212
©213
0214
02195
ca2te
0217
0218
219
0220
c22t
0222
0223
0224
0225
022e
0227
0228
0229
023¢
0231
0232
0233
0234
0238
0236

LA

77=29

PAGE o¢o001 FTN4 COMPILZR: HP24177 (SEPT. 1974)

SJBROUTINE TO EVALUATE SUM
SUM = AL/IA + (A2-A1)2/712 + ¢A3-02)713 + .. + N-ACN-1)/1IH

c

¢

C

c

C USING THE FOLLOWING INPUT PARAMETERS:

c T = TOTAL TINME FOR ALL CYCLES ¢ HRS)

c NINC = NO. OF STEFS IN RANMP

c RINC = AMPERAGE LEVEL OF FIRST RAMP STEP C(AMPS)

[ TINC = TIME OF ERCH STEP IN RAMP (HRS)

c ASTEP = AMPERASE DIFFERENTIAL 3ETWEEN RAMP STEPS (ANMPS)
c AL = CONSTANT DISCHARAGE ReTrz &7 TRUISE (aNMPsS)

C AD = AMPERAGE DIFFEZREMNCE BETWEEN CRUISE DISCHARGE RATE AND LAST
[ STEP OF RANP (ANPS)

c SATTERY INITIAL VOLTAGE MINUS CUTOFS VOLTAGE (VOLTS)
C Qe(N+K )

¢ exN

C €«B

c QeE/N

c TR = TIME DURATION OF RAMP C(HRS)

[ TOL = TIME DURATION OF CONSTANT DISCHARGE (CRUISE)Y (HRS)
¢ TO = TIHE DURRYION OF OPEN CIRCUIT (HRS)

C TC = TIME DURATION OF ONE CYCLE (HRS)

C AND PRODUCING THE FOLLOVWING QUT®UT PARAMETERS:

c SUM = SUM SHOUN ABOVE

c NCYC = NO. OF CYCLES IN TINZ T

c

oMM

FUNCTION SUM CT,NINC,ARINC,TINC,ASTEP,AL,

CAD.E.F,B,C.0, TR, TOL.TO,TC,NCYLC)

Us=T

sun=0.

SN=0 .

NCYC=¢
C LOOP UNTIL U IS < OR = o
€ SR = TERM FIR FIRST STEP OF RAN?
100 SR=QINC/EX(U,E.F,8,C,D)>

IF (NINC.LE. 1) GOTO 200
C LOOP THROUGH STEPS OF RANP

DO 200 NN=1,NINC-{

Usy-TINC
C SR = SUM OF TERMS FOR FIRST NN+l STEPS OF RaNMP

SR=SR+ASTEP/ER(U,E,F,8,C.D)
200 CONTINUE

UsT-CNCYC=TC+TR)
C ADD PREVIOUSLY-CALCULATED TERMS PLUS TERM FOR CRUISE PART OF CYCLE

SUA=SUN+SN+SR+AD/EX(U,.E,F,B,C.D)

17 (U.LE . TC) RETURN

Usy-TOL
C CALCULATE TERM FOR OPEN CIRCUIT PART OF CYCLE

SN=-AL/EX(U.E,F,B,C.D)

NCYC=NCYC+1

U=y-70

GOTO 10¢

END

NO ERRORSs« PROGRAN = 00197 COAMON = Q0000

A-1.6
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0237
0238
0239
0240
0241
0242
0243
0244
0245
G246
0247
0248
0249
6250
¢2S1
0252

* %

PAGE

77-29

o0t FTYH4 COMPILZR: HP24177 (SEPT 1974

C SUBROUTINE T0 CALCULATE CUTOFF VOLTAGE FOR GIVEN TIME.

C INPUT
T =

SCom™mm
n NN

A OO0

PARAMETERS:

TIME FOR MMICH CUTOFF VOLTAGE IS TO BE CALCULATED (HRS:
BATTERY INITIAL VYOLTAGE MINUS CUTOFS VOLTAGE (VO0LTS:
Qe(N+Y )

FE

Bep

Q*E/N

OUTPUT PARAMETER:
EX = CARL.CULATED CUTOFF VOLTAGE

FUNCTION EX(T.,E.F.B.C.,0)>

X=ExT+F
EX2X/(BeT)+SQARTC(X® X}/ (CaT®THI-D/T )
RETURH

END

NO ERRORS ¢ PROGRAN = %0087

COMMON = 00000
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APPENDIX A~2

Diagram of Automatic Charge~Discharge Controller and

Data Processing System

Diagram of Test Layout

Program Listing for Driving Cycle Simulation

Tests — "BTEST"
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POLD) Frabs| -

DISC CONTROLLER
HP 13037A

DISC DRIVE
HP 7905A

DIGITAL TAPE UNIT
HP 79708

LINE PRINTER
HP 2607A

CRT TERMINAL
HP 2640A

HP 2112

DIGITAL PLOTTER
HP 7210A

COMPUTER SERIES

TERMINAL
HP 2762B

TAPE PUNCH
HP 28958

TAPE READER
HP 27488

DIGITAL VOLTMETER
HP 2402A

SCANNER CONTROLLER

HP 29118

T

MULT:PROGRAMMER
HP 6940B (15 SLOTS)

MODEL 69433A
RELAY QUT/READBACK CARD No, 1

SLOT ADDRESS 4 UNIT 0

MODEL No, 69433A

RELAY QUTPUT/READBACK CARD No, 2
SLOT ADDRESS 5 UNIT 0

MODEL No. 69433A
RELAY OUTPUT/READBACK CARD No. 3
SLOT ADDRESS 6 UNIT O

MODEL No, 69330A
RELAY OUTPUT CARD No. 1 ‘
SLOT ADDRESS 3 UNIT 0

3

MODEL No., 69330A
RELAY OUTPUT CARD No, 2
SLOT ADDRESS 1 UNIT 0

MODEL No. 69330A
RELAY QUTPUT CARD No, 3
SLOT ADDRESS 2 UNIT 0

MODEL No. 29430A
EVENT SENSE CARD No. 1

SLOT ADDRESS 0 UNIT 0

ONE OF SEVERAL
RESISTANCE CARDS

MODEL 69510A AND 69501A _]

| MULTIPROGRAMMER

|
|
|

EXTENDER
HP 6941B (15 SLOTS)

MODEL 69433A
RELAY OUTPUT/READBACK CARD No. 1
SLOT ADDRESS O UNIT 1

MODEL 69501A
RESISTANCE CARD No. CARD No. 2




I n— — S—

POLDCY M//

PROGRAMMER HP 6268A HP 6268A
OB (15 SLOTS) POWER SUPPLY | | POWER SUPPLY -
"~ MODEL 694°7A 4272 PS 1A PS 24
ADBACK CARD No. 1 EXTRA F51A
4 UNIT 0 J158 J159 5"_°_UIMZA
/READBACK CARD No, 2 =
SN0 4268 160 Hz
4
MODEL No, 69433 1274 1266 SUPPLY BOX 4142
/READBACK CARD No. 3 J269 4141 -
6 UNIT 0 1271 REEEEE RS
" MODEL No. 69330A 1275 F___‘_‘_@) 2 T ! A A T T I { B
_ CARD No. 1 - b} B} B ) i) - ) - - )
"3 UNITO rggg- J267
MODEL No. 69330A 1277 8US © @
CARD No, 2 JUNCTION [J264
1 UNIT 0 63
' CARD No, 3 4270
* 2 UNIT 0 J265
~ MODEL No, 29430A 1278 L
ZARD No, 1 ?
"0 UNIT 0 - No, 1 {
— No, 2
AL —l No. 3
'ARDS No, 4
W AND 69501A 110y ol ol olnla
—_————— No. 5 ~ &~ A o en
RES. CARDS n - ) au o] B
- (CURRENT ] No. 6} 2 >
: PROGRAMMING)| No. 7] BOX I
: No. 9 (1-5)
IPROGRAMMER 1 No. 10
NDER U ) o )
1B (15 SLOTS) ] BT I
MODEL 69433A (No. 1 i I I
. /READBACK CARD No. 1 No. 2 1
S0 UNIT ) No. 3
MODEL 69501A No. 4
“ARD No. CARD No. 2 TO ANY o. 5 al &
3 UNIT 1 RES, CARDS | == D) ..',1
(VOLTAGE No. 6 - ~ ot B
— —— —— —— —— PROGRAMMING)| No, 7 A 5 s &
No. 8 3 = 51 5
No. 9 J132
No. 10| REMOTE RES, nss  |yaz POWER SUPPLY =
(Ne 1) PROGRAMMING BUS JUNCTION 1133
) (1-10) 1-10) 4133
I o + oo - .2 T ol-
K & &l g
-"':' 1 o [ [ . i o
EXTRA OUTPUT
CONNECTORS =T - T
POWERSUPPLY] , . .  [PowERSUPPLY
TESTER No. 1 TESTER No. 1
ﬁ Y —“i "/,', - - “"'r’ “ - "‘ "’ - e Y o= 1P

\r



- B I -t Lo eSS Ay 25 e mmteaeames o]
“ 1‘
SOLOAUE FRAMS _J
(1-4) - 353 J52 W 472 BOX 1
(1-4) - J56 DIODE LOADS J54 _ (2) J73 DIODE LOAD
(1-4) J55 (3) J74] SWITCHING RELAYS
457 (4) J75| (-5
(5) J76
L 127 vac 60 2 — _
~ et
j‘g‘; = J105[ -
(5) J68 66 J106] o
DIODE LOADS |3 12l €
(10) 9| .10 <——{ EXTRA -— "
[J70 _ ¢ ouTPUTS
J71 e
¥ 8 -
117 Vac 60 Hz S Q
————————
, (10) J82 X3 \
t5-9) 459 J58 (e JI8] DE LOAD
(6-9) _ 4621  piopE LOADS 220 ) 791 SWITCHING RELAYS
6-9) Jél _ (8 J8o| (6-10
J63 (9) J81
ol = al € R
3 S 31 5] S L 117 vac60H:
; BOX 2 ]J134
. CH/DISCH SELECT 1125
¢ OFF/ON @
: (6-10) COWER |28
;  mr — CURRENT J49
s @ o “|(6-10) _J46|  SHUNTS(1-10) [J50 SAMPLE 1-10
S0 3" ° T TO UPPER TRANDUCER 1-5
| » ——a— IMA -
ol ~]l v TO UPPER \ EXTRA -
(1-5) Al = -;g"—"‘<cuRRENT INPUTS S
1122 S[ 3] 5] ), SHUNTS J100]J101]u102
|-~ <~ TO UPPER (LOWER)
PANEL METER AND XYZ 1 mA SUPPLYS -
3 J118 CONTROL BOX 1116 (1-10) J103 (1-10) -
[+s] ~-
0 ol o] = J104 J110
0 2] -
- = ol 3l =2 (1-5& «a-mé>
= - - e
. EVENT SENSE |
o ~ - 443 144 EXTRA OUTPUT XYZ
J132 ~ I——-—@ Ja4A
> 17 (0-49) y35 | -
133 LOWER XYZ ;18 =059 T3 (LOWER)
J19 a3 137
~— RELAY MATRIX 420 Uty g LIGHT DISPLAY |
4l 2 J23 50-99) J4 ) 1
. a LOE-149) J4l
J25 50-199) )42
1 o =l o] oo o] ~| ©
.SUPPLY N EEEEEE -
"« No, 10 )
sy R — r ;




171

SH1

GO T0 N\
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77-29

ANY OF TEMP, TRANSDUCER
400 CHANNELS READ CHANNELS

INPUTS S~

: HP 2911A
L CROSS BAR
SCANNER

13 CABLES
J163-J175

0T0 N\
ANY OF CURRENT SHUNT READ
400 CHANNEL CHANNELS
INPUTS
6 J262
SUPPLY
+24V TO EXT. J261
ReLAY Box (O]
= (+ BATT 6-10) 4253
+ BATT 1-5) ____ J252
(- BATT 1-5) 258
(- BATT 6-10) 4259
7 (1 mA SUPPLY 1-10) 260
. —_—
(PS 2A + 24 V SIGNAL TO CHANNEL "0"-49)" 1254
; ( v " " v v 50-99) 9255
—m . " " " 100-149) J256
: ( " w__w w 150-199) 257
200-249 —328%
FR EXTRA  )250-299 —122%
.l INPUTS  )300-349 —2221
‘ 350-399 —3292

JUNCTION
BOX

[J283

279 __ BATT CR CELL, TESTER No, 1
jgg‘l’ FATT OR CELL, TESTER No, 2
_JE— BATT OR CELL, TESTER No. 3

BATT OR CELL, TESTER No. 4
BATT OR CELL, TESTER No, 5
BATT OR CELL, TESTER No, 6
BATT OR CELL, TESTER No, 7
BATT OR CELL, TESTER No, 8
BATT OR CELL, TESTER No. 9

J284
J285
J286
J287

ON TESTERS 1-10

J288 a1y OR CELL, TESTER No, 10
1 R

2

3

4

5 | 10 LOWER
6 L 1 mA SUPPLY
- OUTPUTS
8

9

10

(TESTER)

1 X

2

I

4

z +24 V PS2A
=— | 10 ExT,
6 [RELAY BOX
7

8

|.-‘ |'a
o

400 VOLTAGE
READ
CHANNELS

(3 WIRE)

INPUTS

)

[l
3}
N
-

SYSTEM CABLING DIAGRAM

AUTOMATIC CHARGE-DISCHARGE CONTROLLER AND DATA PROCESSING SYSTEM

-
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PROGRAM BTEST

PROGRAM NAME: BTEST

PROGRAMAER: A. M. PHILLIPS

DATE: HARCH 14,1977

FURFOSE: PERFORMS SIMULATED DRIVING CYCLE CURRENT PROFILES
ON A LEAL-ACID BATTERY

PROGRAM COHTROL PARAMETERS ARE OPERATOR INPUTS INTO ARRAY 1A% TO
VARY PROGRAM EXECUTION SO THAT CURRENT AND TIMES SIMULATE SCHE-
buLtEs B, C, OR D.

DINENSION IDATAC3), IAR(E), ITHE(S), IYEAR(CL), VLINCYL)

IDATA 1A A THREE WORD DATA AND CINTROL BUFFER FOR THE SYSTEM
MULTIPROGRAMMER(DIGITARL I/0 SUBSYSTEM).

IRRC 1= {O-MILLISECONDS IN FIRST WAIT

IARC2)= 10-MILLISECONDS IN INCREMENT DELAY(ACCELERATION LOOP?}
IARC2)= OCTAL WORD THAT CONTROLS PEAK AMPS IN ACCELERATION
IARC 4= OCTAL WORD THAT CONTROLS CRUISE AMPS

IAR¢S)= 10-MILLISECONDS TO WAlT IN CRUISE

[6R(w)= 10-MILLISECONDS TO WAIT SEFORE REPZAT OF CYCLE

ITHE IS AN ARRAY TO CONTAIN VALUES RETURNED FROM THE SYSTEM CLOCK

IPRGE=C

INITIALIZE PAGE COUNTER

LINE=O

INITIALIZE LINE COUNTER

IC=0

INITIALIZE CYTLE COUNTER

VLIN=0 ¢

INITIALIZE STORAGE FOR i OUER VOLTAGE LIMIT VALUE
IDATAC1=1700418

CONTROL WORD TO ENRBLE €9418 MULTIPROGRAMMER EXTENDER
IPATAC2=0300318

DATHR VORD FOR RESISTANCE OUTFPUT CARD IN SLOT#403 0F THE 692418
IDATA( 3 =0

DATA VORD FOR RELAY OUTPUT CARD IN SLOTE#400 OF THE 69418
ICONE=11

SFECIFY TIME REQUEST FOR EXEC TALL PARAMETER ICODE
ICNUWD=1¢7B

SPECIFY DEYICE REFERENCE NUMBER *NR 6941B AND TYPE OF DATSH
TRAKSFER

HOii=a

TH.TYIALLZE LOCRTION TO COHTAIN MONTH OF YEAR

[40=3044t

SFECIFY 2302 DYN/SCANNE: PNALOG TO DIGITAL 3UBSYSTEM CONTROL
WORD. 044Bx 27HSECONDS DELAY 10VDC RANGE.

KCH=1

VOLTAGE MECSUREMENT CHANNEL IS 1

CALL. EXECLICODE, ITHE, JYEARR)

REQUEST TIME AND YEAF

KPAY=ITHE(S)

CRLL DATEC(KDAY, MON>

PASS JULIAN DAY TO SUBROUTINE TO RETURN MINTH AND DATE

IFLAGE-1 . .
BATTERY VOLTAGE AT OR BELOW LINIT FLAG az?mmhmu:mwm

A-2.4
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A

PSS

c
1000
160
1005

£
105
1010

116
c

115

[z N »]

1620

120

1¢30
130
149

200

22¢

77-29

WRITE 10,1000)XMON,KDAY. IYEARR

OUTPUT MONTH,DATE,YEAR TO SYSTEZNM LOG DEYICE AND IDENTIFY PRDG
FORMATC(2(I2,"/7%), 14,3X,*DRIVIHG CYCLE SIMULATION TEST*//)
WRITEC1¢,1003)

FORMAT(*BATTERY CUTOFF VYOLTAGE"?

READC10, »)VLIN

GET BATTERY VOLTAGE LIMIT FRuM TIST OFERATIR

URITEC10,1¢10)

FORMATC*ENTER: ARRAY POSITIIN.ARAAY VALUE TREN O T 3Te-T, 23 TO

*» DISPLAY ARRAY VALUES. OR ~t 7O EXIT":

RERDC16.,%)31,11

GET PROGRAM PHRAMETERS AWD/OR DPERATOR COM%aNDS
IFCI)90¢,200,115

IF(I . NE.99) GG TO 140

DO 130 K=1,6

IF(CK.EQ.3> .OR. (K .EQ.4)> GO TO 120

DISPLAY ARFAY VALUES IN DECINpL INTEQGER FORMAT, FUCEPT DISPLHY
ROW 3 AND 4 YALUES IN OCTAL INTEGER FORMAT
WRITE(10,10620)K, I&R(K)

FORMAT("IRRC( ", 12, )= *, 16

G0 TO 130

BRITEC1G, 1030 K, JARCK )

FORMATC "TARC",12,%)a *“, K6

CONTIHUE

IAR(CI =11

GO TO 1t¢

CALL EXECCICODE, ITHE

TINE REQUEST

ITHR=ITHEC4)

INN=ITHEC 3

1SC=ITHEC2)

IC=I1C+1

Cal.L MEASCY.,IWD,NCH,IST)

CALL ROUTINE TO TAKE A VUGLTHGE MEASUREMENT ON TME 2320R A/D
IFCIST NE.¢0) GO TO 830

LINE=LINES]

INCREMENT LINE COUNTER

IFCIPAGE EQ.0> GO TO 2093

TEST FOS FIRST PAGE CONDITION

IFCLINE.LT. 00> GO TO 2t0

TEST FO® LAST 'INE ON PAGE

YRITECICG., 1039

FORMATC/ /77727

IPAGE=IPRAGE+{
NRITEC10.,1037)MON,KDAY, IYEAR, IPAGE
FORKMATC2CT2,*/7°5,14,3X,*DRIVING CYCLE SINULATION TEST., PAGEN".14/
WRITE(CL0,1038)

FORMATC(" TINE CYCLE S 0.A.Y. E O0.A.V EO0OC VY *“/)
LINE=S

URITECL10,1040)IHR, INN.ISC. IC.,V
FORMATC(IZ,2¢*:1*,12),3X,13,8%X.,F8 3,*.%)

IDATA(I )=t

DATH YO RELNAY OQUTPUT CARD(CLOSSS CONTACTOR)
CALL EXECC2. JCNUL.,IDATR, 3, !>

TRANSFER DATA TO 59418

CALL VAITCIARCL)Y, 0, [ERR)

CALL ROUTINE TO DELAY EXECUTION OF PROGRAM
IFCIERR.GT. 1> GO TO 880

I0ATAC2)=I0ATA(2)+!

IFCIDATACRY . EQ.IRRC(3))Y GO TO 300

A-2.5
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e

360

Jte
150

320
1660

D'}

1065
350
1674

1680
30

850
1100

88¢
1110

890

900

ccC
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TEST FOR MAXIMUA RESISTANCT OUTPUT AT END OF ACCELERATION
CALL EXECC2,JCHWD, IDATAH, 3,

CALL WRITC(IARC2),0,IERR)

IFCIERR.GT.1)> GO TO 88¢

GO 10 220

CALL MEASCY, IWD, HCH, IST)

IFCIST NE @) GO TO 830

IfFCy LE VLIM) IFLAG=1

TEST FOR VOLTHGE LIMIT CONDITION AT END OF ACCELERATIOH
VRITEC10,1650)Y

FOPMAT(Z2X,FE 2,"_.")

IDHTAR( 2 =1ARC 4,

DATA TO FESISTANCE OQUTPUT CARD FOR CRUISE CURRENT

Chll EXEC(Z,ICHWD,IDATA,3.1)

TRANS"CR DATA TO 69418

CHLL SHITCIARCS), 0, IERR)

[F " IERR GT.1» GD YO 88O

Caill MEASCV, WD, NCH,IST)

[FCIST HE.G) GO TO 85¢

WRITEC16.1060)V \J
FORMAT(2X,F8.3) w1 or ™
1DATAC23=0300318 oo D L B P
IDATARC3)=0 RE 2 A v ALE

UATH TO RELAY OUTPUT CARD(OPENS CONTRLTOR) fut

CalLl EXECC(Z,ICNVD,IDATA,3.,1)

TRAHSFER ODATA TO €9418

CaLL WRITCIRR(E). 0. IERR)

IFCIERR.GT. 1) GO TO 880
IFCIFLAG)HY330, 340

TEST YOLTAGE LINIT FLAG

I=IFBRKCINY)

TEST FOR OPERATOR INTERRUPT REQUEST
TFCIN10,200

IF I NEGATIVE THEN INTERRUPT REQUESTED
LINE=LINE+!

IFCLINE LT . 6¢) GO , 330

URITECLO, 1065

FORMAT 277777

MRITE{ 10,1070

FORMATC"EOR VOLTAGE IS LESS THAN OR EQUAL TO VOLTAGE LIMIT

exsnssTEST STOPPED wnes")

LINE=(66-LINE)/2

00 330 I=1,LINE

YRITEC(10,1080)

FORMAT(/)

CONTINUE

GO TO 9¢0

MRITEC10.,1100)

FORMAT("DVYN SUBSYSTEM ERRORsw»sssssTEST AQBORTED®wss»")
GO TO €9%¢

WRITECIO.,1110)

FORMATC("1SA VUAIT POUTINE ERROResseTEST ABORTEDsess")
NEXT THREE LINES ARE A SEQUENCE TO STOP THE TEST
IDATA(2)=0300318

IPATA(I)=0

CALL EXECC2,ICNUD.IDATA,3, 1)

svoe

END
ccccccecccecccecrcccurvcccceccecccceccccceccceccece
SUBROUTINE DATECKDAY, MONTH)

A-2.6
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ODIMENSION NTC(12)

MT(1)=31

HTC(2)=28

nT(3)=31

nT(4)>=30

nT(S)=31

HT(6)=30

RYI(?)=31

ni(8)=31

nI(9)=23¢

NT(10)>=31

HTC113=30

HT(12)=31

IFCKDAYY99.,99,20

00 30 K=1,12
IFCKDAY~-NT(K)>)40,40,30
KDRY=KDAY-NT(K)

HONTHsK

RETURN

URITE( 16,100

FORMATC("DATE ERROR™)

PETURN

END
cccceccceccecceccecccecceccceccecicceccecceccecccecceece
SUBROUTINE MEAS(DTA,IWD,NCH,IST)
DINENSION IBF(3),IRG(2)
EQUIVALENCECREG, IRG.IA), (IRG(2),IB). (OAT,IBF(1)),(JF,18F(3))

OTA- DATA TO THE CALLING PROGRAM
1D~ 23204 SUBSYSTEM CONTROL WORD FROM THE CALLING PROGRAN
NCH- SCANNER CHRNNEL NO. FROM CALLING PROGRANM
IST- STATUS INFOKATION FOR THE CALLING PROGRAM
020K, 1=DOMN, 2=BUSY, 3IsOVERLOAD, 4=TRANSWISSION ERROR
IBF- BUFFER FOR BCD DATA PETURMNED TO THIS PROGRAM BY DVR76
BCO DATA FORMNAT FOLLOWS.
IBF(1)>= D4 D3 D2 OI
IBF(2)s R F D6 OS
IBF( 3= fF
IRG- BUFFER TO CONTAId4 A- AND B- REGCISTER RETURNS
FOLLOVING EXEC CALL VITH ICODE=1
[ETSs0
1ET4=0
CLEAR STORAGE FOR DSI EQT WORDS S AND «
JUD=1400008
JUD IS AN ‘AND MASK'’ FOR DS! EQT WORD S
CALL EXEC(313.9.JET3.JET4H)
GET DEVICE STATUS WIYTH THIS Call
IFCIANDCIETS, JubD))40,10.30
ARE BITS 15 AND 14 OF OS] EQT WORD 3 =0, =1, OR >=2 ?
O=READY., 1sDOUN, 2sBUSYCIN OPERATION)
IFCNCH . GT.199) NCH=NCH-200
REG=EXEC(1.,9.18F.3.NCH.IU4D)
TAKE A MEASUREMNENT
ICODE=1 READ REQUEST
IORY =9, DSI LU
IFCIANDC LA, JND )40, 20,30
IFC1I8.EQ. 0> GO TO S0
10%0 UEANS THAT NO DATA UAS TRANSMITTED
IFCJF.ER.9) GO TO 60
JF=9 KEANS ‘OVERLOAD’

A-2.7
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©

[yr]

30

40

S,

0

70

OTH=CONVCDAT
B8CO TO FLCATING POINT

[ST=¢

SET MY STATUS CODE TO
RETURN

[ST=t

SET MY STATUS CODE TO
GD TO ?2¢

IST=2

SET MY STATL" CODE TO
GO 70 ?¢

IST=4

SET MY STATUS CODE TO
GO 10 7¢

IST=3

SET MY STATUS CODE TO
bTa=0 o

ERROR RETURN PNTH FOR
END

ENDS

——

77=29

CONVERSION ROUTINE

IOKI

"[OWN’

‘guUsY’

‘TRANSMISSION ERROR’

"OVERLORD’

"NO DaTA’

A-2.8
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APPENDIX A-3

e Voltage Printout for Schedule "B"
e Voltage Printout for Schedule '"C"

e Voltage Printout for Schedule "D"

Note:
SOAV = Voltage at Start of Acceleration Period, Volts
EOAV = Voltage at End of Acceleration Period, Volts

EOCV = Voltage at End of Open Circuit Period, Volis
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3730719717
TIM:

9229349
v33ls 4
Y3328 15
¥$33:27
v834:33
43845899
vyt37: |
Y338212
91393124
Y3442 35
v141:4/
Y2842850
Jtids 9
48458 2]
Y346832
Y1473 44
#8483 hH5
/8508 6
J851813
435232y
Y8538 4]
Y3154352
Pt56¢ 3
CANAR D)
V158126
9159138
|4t J149
14t 2t |
1Jt 3212
lJgs 4323
1Js b3
lot 6345
IR I E Y
los 98 %
IU']@'Z.’)
14311832
1J812243
1Js1 3250
122158 o
1Js163817
10817829
1 j318840
1319852
lys2is 3
14822114
1.0823226
1982483/
1982584
128278 v
11828811
14829823
14830234
19131146
10832157
141342 3

DRIVING CYCLE SIMULATION TEST, PAGE#

CYCLE

L ~C L W~

~NO Ul

13

e

[\ \¥)
-

22

N NN
Ul o

NN
~ O

o

A
(o™

wwwn
o=

98]
G

S.0.A.V.

6.879
6.524
6.447
6.439
5,436
Hedl4
6.433
6.431
6.4309
6.428
6.427
6.426
6.324
6.423
6.421
6.420
6.418
6.417
5.415
5.414
6.412
6.411
6.499
6.458
6.406
6. 4105
6,443
6. 4”'
6.47
64399
6.397
543%6
6.394
5.392
6.391
6.389
34388
6.386
6. 384
6.383
6.381
6,389
6.378
6.377
64375
6.374
6.372
6,370
£.368
6.367
6.365
6.364
6.362
6.361
64359

77-29

SCHEDULE B

E.(). A. v‘

6.258
5.246
6.023
6.921
He4321
H.229
6.319
6.819
5.319
6.918
6.417
6.317
5,716
SR N)
6.315
6.314
5.413
Hed1 2
S.312
54311
5.210
6,349
6,298
65.927
6,206
6.235
5.034
A.343
65.342
5,491
Aed B
56909
3997
5.046
5.5
1,994
5.993
5.992
5.99¢
5.989
5.938
5.936
5935
5.933
5,932
5.981
5939
5.978
5,977
5.976
5.974
5.973
5.971
5.970
5.969

A-3.1

E. O.C. V.

6.341
6.234
6. 224
6.223
6.222
6.222
6. 221
6. 221
6. 221
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SCHEDULE B (contd)

—

-

3/738/1977 DRIVING CYCLE SIMULATION TEST, PAGE# 2
TIi"E CVCLE SoOoA-V. EQO.A.V. E.O.COV'
14835124 56 5.357 5 e 967 5,169
lv336831 57 6.355 5.966 6. 167
10837243 58 6.354 5.965 6.166
123333854 By 6.352 5.963 6.165
| 1840 B 6J 6.351 5e932 6.164
lotals )7 ol 6.349 5e90Y B4 162
10842824 62 6.348 De909 5. 164
lwsal3s 4y 63 6.346 5.957 8.159
14344351 64 6,344 5.956 6.158
1Jt46: 3 65 6.343 5.954 6.156
1J817:14 56 6.341 5.953 6. 155
o482 25 617 6o 339 5.951 6.153
l.s204v837 63 6.338 5,950 6.152
1 Ljt4y 6y 6.236 5.948 6.159
1.18n28 ) 74 6.334 5.947 6.149
1 28533811 71 H.333 5.946 6.147
1834822 12 64331 5.944 6.146
1J)tuh334 73 64330 5.942 Se 144
1 J356845 14 5.328 D941 5,143
1357357 /. 5.326 De 940 6.14]
latn9t 4 75 64325 5.938 6.140
11e Je1y i 6.323 5.937 6,138
11s 1231 T3 6. 321 5.935 6. 137
11s 2342 79 6.320 5.933 6.135
11s 33104 e 6.318 5.932 6.134
11t 5 5 81 6.316 5.930 6.132
11s 6116 32 6.315 5.928 6.13i
ile 7323 83 6.313 5,928 6.130
1he 139 84 6.312 5926 6.1238
11s 935H] 85 6.3l 5.924 6.127
11slls 2 36 5.308 D.923 6.125
113812:13 31 G307 H.922 5.124
1131382y ge) $43J5 50924 6.122
1814330 32 He3U3 5.919 6.121
IR R ECE EN Y He 302 3917 6,119
R RT3 9l 6e3b 5.915 61123
INEREH RN 92 6.298 5.914 5.116
11292 V3 8¢ 297 5.912 6. 115
11824833 94 6295 5.911 6.113
11821145 Yo 6.293 5.9J9 6.112
11222856 Y 6.292 D947 6117
11248 4 7 He290 YePI6 He 1149
11825819 v Be 289 HePdH 6. 107
11826230 o) 6237 54933 6. 1V15
11827842 DY) 6.285 5.941 6.134
118288453 1:41 64284 D49 10 6. 143
11esat o 1122 He232 2.898 54131
ll SJI:"j ' "3 e 200} 3.'3‘)7 ()ul 1)
11232227 1 44 65.279 D6 BYH Aed93
118,383 1w S5.2177 5.994 6ed97
1183485 1.5 5. 276 5.892 6.395
118368 2 17 6.274 5.891 6.293
11837413 1138 6.272 5.889 6.292
11133324 109 6,278 5287 6,099
11139836 114 « 269 5.A385 6.989
A-3-2
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373471971

TIME

240247
t4]1:5y

1462 14
247256

L. ]
(S
o
" se ¢
Wi
AL ~NOy

[SL R AR

CCoOUbLN—=CIT

€0 s¢ w3 S0 e O3 o3 oS¢ o

[OH

TNt e — o

50 95 %6 s 0 se 0 es eb e

N
e
PO —U MU —

12
1281V 33
12t11244
12312855
128143 7§
12815213
123163349
123817341
128106802
12828 4
12821315
12822827
121232 30
12324349
12326% |
12327312
12223524
2229135
| 22314846
12831850
128338 v
12234321
12835332
12836843
1233780
1213y O
12842213
12141829
12342384)
12843152
128452 3

o
™
J

CY

— e h e e et e =

(@}

NS = e e e e ot b
LU~ U bdbWwWwrn—

NN
N —

12

HEN

[\
C

126
127
123
127
139
131
132
133
134
135
135
137
133
137
149
14]
|4
143
144
145
| 49
147
143
14y
151
191
152
153
154
159
155
157
1D
1227
167
16l
162
163
1 64
165

LE

S.0.,A.V,

6.267
6.266
65.264
6.262
6. 261
6.259
6207
5.256
6.254
6.253
5.251
6. 249
6.247
H.246
6.244
6.243
6.241
654239
6,238
Ae 236
6.235
6.233
6.231
6.239
6.228
6.226
6. 225
6.223
6.221
6.220
6.218
6.216
6.215
6,214
6.212
‘e 2l i
5,269
6.207
6.225
Be. 204
62132
6420l
5,199
5,197
6.196
6.194
6.193
6.191
G 189
GolusT
6.186
6.185
6.183
6.181
6. 18¢

77-29

E.0.A. V.

5.83%4
5.833
5.881
5.88¢2
2.877
5.376
5.874
5.873
5,879
5.869
5.867
5.866
5. 805
D.363
5.861
5.869
5.858
5896
5.854
5.853
5.851
5.850
5.849
5.846
5.845
5.843
5.841
5.840
5.838
5.836
5.835
J.334
5.8331
5.830
54327
) e C’Z 6
e 825
34823
5.822
54820
5817
F.816
5.3 4
24313
5.812
5.819
5,848
54896
DeBuH
3.43.3
3.8d2
5.798
He 197
5.795

A-3.3

SCHEDULE B (contd)

ORIVING CYCLE SIMULATION TEST, PAGE#

E.0.C. V.

6.087
6.286
6.984
6.082
6.281
6.479
6,973
5,276
6.375

6.973 .

6.972
6.379
6.068
6.7267
6.365
6.9064
54062
6.961
6. \458
5,456
6.954
6.953
6.451
6.349
6.948
6.946
6.245
6.443
6.242
6,049
6.439
64937
6.1335
60”34
6.’932
60431
64429
6.228
66926
6.9024
6o 123
6.921
64429
6.318
6,317
6.415
5¢413
6o J12
6.419
64 729
6. 487
6.305
60704
6.7%03
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SCHEDULE B (contd)

‘¥
+

F
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3/323/1977 ORIVING CYCLE SIMULATION TEST, PAGE# 4
TIME CYCLE S.0.A.V. E.0.A.V. E.O0.C.V.
12346815 166 6.178 5793 6.001
12347326 167 6.176 5.791 5.999
12348:38 168 6.175 5.790 5.998
12349249 169 6.173 5.788 5.996
128512 % 174 6.172 5.786 5. 994
1232212 171 6.170 5.734 5.993
12853223 172 6.166 9,733 5.991
12835846 174 6.165 5.779 5.938
12356353 175 6.164 5.718 5.986
128588 ¥ 1756 6.162 5,776 5.935
12859320 1717 6.160 5.774 5.983
138 J32 173 6.159 5.7172 5.981
lo: 1243 17y 6.197 5.770 5.980
132 2855 14 64155 5.769 5.978
132 48 6 181 6.154 5. 766 5.976
138 Hs17 132 6.152 5¢765 5.975
138 6329 133 64150 5.762 5.973
138 7343 184 6.149 5.761 5.972
138 82 125 6.147 36709 5979
138lwe 3 ‘U(J 6-]45 5-757 50968
13211214 18 6. 144 5.755 5,966
15812820 183 6.142 5.754 5.964
13813237 137 6.141 5702 5.963
1331434y 199 6.139 5.752 5.961
132168 4 191 64137 5,748 5.962
13817211 192 6,136 5.747 5.958
13318823 193 6.134 5.742 5.956
13319334 194 6.132 5.742 5.954
13820346 195 6.131 5.749 5.953
13821257 196 6,129 5.738 5.951
13223 3 197 5.127 5.737 5.949
13224220 198 6.126 5.734 5.948
I 3225831 199 6.124 5.732 5.946
13226245 2.0 64123 5.731 5.944
3327394 2wl Sel2l D.729 5.943
3229 & 2.2 6,119 5726 5941
13330817 243 G117 50725 5.939
13131228 2134 6.116 He 723 5.937
13832340 245 6.114 5.721 5.935
138358 3 2014 6.111 5.716 5.932
13330814 2450 64 159 D715 5939
13837825 2:0% 6.168 5.713 5.923
13330237 21 6. 136 5.711 5.926
13139344 211 6.104 5.709 5-925
138418 ) 212 6.‘”3 5-7A7 5-923
13842311 213 5 11 5¢T0b 5.921
13843327 214 64499 54743 5.929
13844834 21, 6eJY8 5.7U2 5.918
13845340 21 6. W96 5.699 5.916
13846857 217 6.094 e 696 5.913
1384488 s 214 6,192 5.694 5.911
1384931y 219 6.091 5.691 5. 909
1385083} 224 6.089 5.639 5.907
A-304
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77=29
SCHEDULE B (contd)
3738/1977 DRIVING CYCLE SIMULATION TEST, PAGE# 5

'I‘IME CYCLE S-O‘A'v' E'O'A'v. E'o.c.v'

e ot are

13851242 221 6.287 5.687 5.925
13352354 222 6.086 5.685 5.904
133543 5 223 6,084 5.683 5.942
133855217 224 6.882 5.681 5.900
13156223 225 64,481 5.677 5.898
13857239 226 6.979 5.677 5.896
138583851 221 6,077 5.674 5.894
14t 43 2 223 6,975 5672 5.893
143 1314 22y 6.074 He 679 5.891
148 2:25 2349 6,072 D« 668 5.389
148 3:36 231 6.070 5. 665 5.387
143 4343 232 6,068 5.663 5.385
143 535y 233 6.967 5e¢661 5.883
148 7211 234 641565 5.659 5. 381
148 63222 235 6.J63 5,656 5.879
148 9233 236 6.961 5.654 5.877
14210845 2317 64360 5e652 5.375
14811356 233 6.058 54650 5.373
142133 3 23y 6.956 3.647 5.872
14814819 244 6.155 5.645 5.879
14315831 241 6.053 5.643 5.368
14816342 242 6. 451 5.640 5.866
14¢17:43 243 6.049 5.638 5.864
laglys 5 244 AedT 5.635 5.862
14220215 245 A, 146 5.633 5.867
14221223 246 6.444 5.631 5.858
14822339 247 6.042 5.629 5.856
14323854 2443 6. 040 5.626 5.854
148258 2 24 6.939 5.624 5.85i
14326113 254 6.037 5.621 5.849
14327325 251 6,435 5.619 5.847
14323236 252 6.433 5.616 5.345
14329247 253 6.432 5.614 5.843
14330385y 254 6,030 5.611 5.841
1483281 250 6. 1028 5.649 5839
14833822 250 S.ti26 5.6J6 5.837
483423 2ol G.1024 .64 50335
14835841 295 8evi23 2.841 5.332
14836850 257 6,421 5.598 5.331
148388 / 264 6.919 54596 5.829
1433981y 261 64317 5.594 5.327
1484058 70 26/_’ 6.@'5 5.59] 50824
14841847 263 6.113 5.538 5.321
14342853 201 6.0l 2 5.534 531y
l4s.148 4 265 6,010 5.582 5.816
143451216 260 647148 5.5179 5.814
14846827 261 6706 5.576 5.811
14147239 263 6. M4 5.573 5.39
1483458% ) 26Y 8¢ M2 5.570 5.337
118508 1 212 6410 94567 5 8345
l4851213 271 5,998 5.565 DHedU3
148,523824 272 5.996 5.582 5.8
14853330 213 5,994 He B9 5.798
1483424/ 2174 He 9Y2 5.756 5.796
14155858 27T 5.990 5.553 5.793
A-3-5
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SCHEDULE B (contd)

3734871977 DRIVING CYCLE STMULATION TEST, PAGE# 6
TIME CYCLE S.O.AOVO EoOvov' E.OQC.V.
1485721 276 5.988 5.550 5791
14358121 2717 5.987 5.54¢ 5.788
14359233 278 5.985 5.545 5.786
158 U244 2179 5.983 5.541 5.784
158 1356 28J 5.981 5.539 5.781
158 3: 7 23] 5,973 3.536 5.779
158 4318 282 5.977 5.533 5.776
1ue 5330 2583 5.975 54534 5.774
158 6341 284 5.973 5.528 5.771
'He Tin3 24 5.971 5.523 56 769
HEE IS S 260 5.969 5.52% 5.766
Iostasls 26/ 5966 5.517 5.754
1he113827 2134 5,965 5.514 5.761
15812330 204 5.962 5.510 5. 759
15313250 2YJ 5.960 5547 5.756
1eloe | 291 5.958 5.534 5.753
Iotlot]2 292 5.956 5.5% 5.751
1ol /324 293 5.954 5.497 5.743
19325853 299 5,947 5.486 56739
108208 Y 2917 54945 5.433 5.737
loz2d:32 20 o941 2.476 5.731
I_V:,).;): 14 .3 " joyjy .Jo472 5072';
158263 1) 2wl 5.937 5.408 54725
1,8208 [ 3.2 5.934 5¢ 465 5.722
15829818 343 5.932 5.462 5.719
15834227 34 5.932 5.457 5.716
1583184] 34 5.927 5.454 5.713
15832852 384 5.925 5,449 5.719
1o834: 4 3al 54923 5.445 5.776
15835815 343 5e920 5,441 5,703
15836226 30y 5.918 5.436 57722
1b837:30 319 5.916 50432 56697
Io23084y 311 Se¥13 5.427 5693
1otdids | 312 SRR ARS] 5.423 5.692
losttell 313 He9JH Setl P D6 695
loed2: 23 sha DeMI6 5.414 5.683
15843335 31y By 3 5.410 5.679
1b344846  Slo 5.970 5.435 5,676
l')=15:x)3\ 3'/ 5-“9{) 5.41)] 50672
l'_):“'/: Y J'u‘ 5.895 50396 5.66\’;
Iostos2, 31/ Des¥2 5391 D564
15819832 32, ey 34336 5,461
158508 43 321 5. 387 54331 54657
198H1 60 322 5. 834 54375 5.653
intndsl? 324 H5erl8 e 365 5e545
s He2y 32, H5e875 D309 He 61
Int,684, 320 BeisT2 Se394 34635
1os,/202 32/ 54870 54348 54631
Iusuyt 3 32 5.8066 54341 54626
lot Jtlo 32 D.863 e 136 5.621
148 1825 )3 5. 860 5.329 5616
A-3.6




3/730/1977

TIME

168 2337
168 3149
168 5¢ @
168 6312
168 7323
168 82134
168 9346
1621WsH7
16812s @
16813824
168143231
16815343
163163854
162182 6
1681987y
1682103243
16821349
168223851
158242 3
16325314
168268206
10327337
16123843
168308
fos3tsll
10832323
168332134
16834145
16835857
16837¢ &
163838220
16839831
16840842
168413854
168438 H
los14s]7
16845223
1584613y
16847151

SO\ VOLTAGE 15 LESS THAY Ok EQUAL TO VOLTAGE LIMIT

CYCLE

331

332
333
334
335
334
337
3338
33y
34y
341

342
343
344
345
346
347
34
34y
353
351

352
353
354
355
335
357
358
35y
36w
361

362
363
364
365
360
367
303
36y

S5.0.A.V.

5.857
5.853
5.850
5.846
5.843
5.839
5.835
5.831
5.827
5.823
5.819
5.8'4
5.81¢
5.805
5.87%9
5.795
5.790
5. 785
5.779
5.773
5.767
5. 760
5753
5.7146
5.738
5,729
5.721
5. 711
5.701
5,699
5.677
5. 664
5.648
5.630
5. 609
5.58¢
5.542
5498
5.442

77=29

SCHEDULE B (contd)

EsQsA.V.

5,322
5.316
5.399
5.302
5.295
5.278
5.289
5.272
5.264
5255
54247
54238
5.228
5.219
54249
5.198
36135
5172
5.159
5e145
54139

2.753

A'3. 7

DRIVING CYCLE SIMULATION TEST, PAGE#
E'O.C. v.

5.611
5.606
5.601
5.596
5.591
5.585
5.582
5.574
5.568
5.561
54555
5.549
5.542
5.535
5.528
5.519
5.589
5¢50)
5.492
5.489
5.469
5.458
5.446
HYe433
5.41y
5.404
5.387
5.369
5.349
5.324
5.293
5.255
5.2004
5.123
4,962
4.715
4.472
4.229
3.914

"y
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SCHEDULE C
372371977 DRIVING CYCLE SIMULATION TEST, PAGE# !
TIME CYCLE S.0.A.V. E.O.A.V. E.O.C.V.
0339233 ] 6.825 2,718 64131
384985y 2 5,421 e 646 6.124
Ji42s1y 3 6.421 5.658 6.133
3343239 4 6.426 5.653 6.137
334622 o) 6.426 5. 668 6.14%
147349 1 6.424 5. 0658 6.149
83498 4 3 6.421 5.6068 6.139
£:154121 9 6.418 5. 6568 6.137
divls4] 14 6.415 5. 666 6.135
3153t | 11 6.412 5. 665 6.133
otH4s 2 12 6.449 He 663 64131
SR X R 13 6,406 Y. 652 6. 139
58578 2 14 6.402 2. 660 6.123
SR IS LI 1o 5399 Deb29 H.126
S8LY43 1o 6,396 5.657 6. 124
v 13 3 17 6.393 5.655 6.123
43 2323 13 6398 5623 6,129
48 3343 1y 6.387 Ha6n2 6,118
Y8 5 4 24 6. 384 5. 649 6.116
vt 624 21 6.382 5.648 6,115
8 7344 22 6.379 5.646 6.113
ARSI 23 6.376 5.644 6.112
Sl oe20 24 65.373 Y641 6. 108
vell245 29 6.370 14639 64136
)13t H 25 6.367 b.638 6. 15
214820 2 5.364 HeB36 6,13
YtliLsdo 29 5.302 5.634 6. 1001
VAR IR BG 2Y 65,359 5.631 64397
yelui 2l 34 6.356 5.623 64.495
31984/ 31 6.393 D.626 6,092
yr2ls 7 32 6..350 5.623 6.290
4322327 33 6¢347 5.620 6.0 7
Y2384 34 6,344 5.619 6.d8 >
91258 8 35 6.341 5.616 64388
7326323 30 64338 2,613 6. 18%
2827844y 37 6.335 De612 6,473
‘)3.293 ) 3b 6.3.33 5.6)9 6.476
1332y 3 6.339 De6J7 6.373
w331ty R 6.327 D.064 6. AT1
CARKEI NN 41 5.324 2642 6,469
/13433 42 5.321 He 610 6.366
\)ij)g.)) 4,)‘ 6-3'8 5.597 60&64
Y1378} 44 6.315 5.5v¥4 6,962
CARTEIEY | 45 6.312 5.592 6. 06J
SR Y 40 5.310 H54549 64557
ysals il 4/ 6307 5.587 6,954
v312832 4.3 Ge304 5.584 6.5
w8438 2 44 31 54531 6.448
st458]12 9.3 6.298 5.578 6. 4345
146833 Hi 6.295 29515 6,043
‘/:4/"')3 bL’ 5-292 5.573 6.1’4*}
MR PV o] 6. 289 YA, 64928
vyt 34 b 62837 Hebd T 64435
‘)"Jl :')4 5:) 6. 264 5056‘4 6. ”33
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SCHEDULE C (contd)
3723719717 DRIVING CYCLE SIMULATION TEST, PAGE# 2
TIME CYCLE S.0.A.¥. E.O.A.Y. E.O0.C.V,
9853214 56 6. 281 5.562 6.030
9854334 57 6,278 5.55¢9 6.928
9855855 58 6.275 5.556 6.025
9857215 59 6.272 5.553 6.022
9358835 69 64269 5.558 6.220
9159156 6! 64266 5.547 6.917
148 1216 62 66263 5.544 6.3215
las 2836 63 6.261 5.542 6.913
y 143 3356 64 6.258 5.539 6.010
148 5317 65 6. 255 5.535 6. 77
148 6837 66 6.252 5.532 6.003
143 7257 67 6.249 5.529 6.220
108 9313 63 6.246 5.525 5.997
1981438338 6y 6.243 5.522 5.995
fwsllshy 14 6. 240 5.519 5.9¢2
10813813 71 6.238 5.515 5,989
14814239 72 6,235 5,512 5.987
148153859 73 6.232 5,510 5.983
181781y 74 6. 229 5.536 5,981
1v..18840 15 6.226 5,542 5.978
118208 76 6. 223 5.500 5.976
14821329 71 64220 5.496 5.973
14822842 13 6.217 5.492 5.979
10824 | 19 6.214 5.489 5.967
14825821 84 6.211 5.485 5.964
1482684] 8l 6.208 5.482 5.962
1ds28s 2 82 6. 206 5.478 5.959
198298 22 83 6,203 5.475% 5.956
19832342 84 6.2v10 5.471 5.952
148323 2 85 6. 197 5.467 5.949
14833323 86 6.194 5.463 5.945
10834343 817 64191 5.459 5,942
1Js36% 3 33 6. 188 5.454 5,939
10837824 a8y 6.185 5.451 5.936
1w838844 QJ 6.182 5,447 5.933
108498 4 9l 64179 5,443 5.930
14841324 Y2 6.176 5.439 5.927
‘ 14842845 93 6.173 5.434 5.923
148442 5 94 6. 170 5.430 5.921
10845825 95 6.167 5.427 5.917
110846346 96 6. 164 5.422 5,914
lusags 6 w7 6.161 5.418 5.911
10849826 94 6. 158 5.414 5.908
193528 7 109 6.152 5. 45 5,902
10853827 191 6. 149 5.491 5.899
1wsb4847 142 6.146 3.396 5.895
108568 8 143 6,143 5.391 5.899
19857323 164 6. 140 5.386 5.887
14858848 195 6.137 5.375 5.883
118 B2 9 106 6.134 5.376 5.880
s 1829 197 64131 5.371 5.876
s 2149 108 6.128 5.346 5.873
118 43 9 14y 6,125 54361 5.879
11s 53130 114 6.122 5¢356 5.866
A.3.9
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14,
Va7
lag
14y
1o
151
1o
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154
157
153
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16,
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|62
163
fo1
15,

S'O.A. VI

6,438
6.135
Sew3]
6'@27
Guty23
Guisly
Gaiily
8.¢1
6.77\()7
6. ”1-73
5,99y
SI Q('4
De%59
5.985
5,900
Je QYi‘
5970
DeY04
5.95¢
5.933
5.947
5.941
5.934
5.928
5.92
5,913
5,96
5.8v8
5.8y)
Je 53
Detsl%

e,

77-29

YCLE SIMULATION TEsT,
E.Oua,v,

SCHEDULE ¢ (contd)

PAGE#
E. Ol C' v.

T OF THR
T B ODUCIBTL
R ; AL PAGE 8 Poww
‘.‘ N o

-



ok raes e 0 v ewene HWAL P o

372371971

TIME

12220826
12321346
128238 7
12324327
12825147
128272 3
12128:23
12829143
123211 8
12832329
12833249
128358 v
12836334
12837854
12339114
12340839
1234115]
12843211
1234433)

£OA VOLVIAGE IS LESS THAN OR EQUAL TO VOLTAGE LIMIT

CYCL

166
167
168
169
179
171

172
173
174
175
175
Vi
174
b7y
184
181

182
183
184

S.O.AC v.

5.868
5.869
5.852
5.844
5.836
5.827
5.818
5.809
5.800
5.790
5.780
50769
5.757
5.745
5.730
5.715
5.697
5.677
5.652

77-29

EICI A;v.

4,778
4.758
4.737
w715
4.690
4., 665
4,639
4,608
4.575
4,538
4,496
4.444
4,330
4.296
4.177
3.999
3.717
3.357
2.895

A-3.11

SCHEDULE C (contd)

URIVING CYCLE SIMULATION TEST, PAGE#
E.o.c' v'

5.491
5.479
5.468
5.455
5.442
5.428
5.413
5.397
5.380
5.362
5. 341
5.315
5.287
5.253
5.211
5.154
5.068
4,932
4.718

4

***x*TEST STOPPEL[rr##s
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SCHEDULE D
372271911 DHRIVING CYCLE SIMULATION TEST, PAGE! 1
TIMs CcYCLE SeNeA V. EJNJAVY. E.0.CLY,
J1478)5 } Adsb Je256 6e454
1 Y1 ) 2 6.442 5e 295 64954
dsnlt 5 3 6,432 5,293 64047
uth4e 1l 4 6.417 56236 6.038
3856316 5 6.493 5.277 64929
BIns8 22 o] 6.389 5e 208 66421
¥3 U227 7 6.377 5.258 6.412
¥ 2332 3 6.305 He 255 6.993
78 43133 7 5,353 5.238 5499¢%
ve %43 ] 60342 5.227 50986
98 agtdy 1l 6.332 2.217 5.97¢
431J304 12 5. 321 2,204 5.96¢
vsl2ibh) 13 6,311 5191 5.956
73158 o 14 6.3k Del79 56246
2 ANEEM IS 6.,29¢ 24165 54936
F8ivslo 13 0,279 5.123 5.928
821221 1 6. 269 Deldw 5.918
7823326 I3 64259 Se 125 De 996
4825332 1y 0.248 94149 5.395
Y327837 240 6. 238 5edY3 5.884
9829142 21 6,227 5.977 5.872
/331344 22 5.216 5. 64 5.861
¥y$33t53 23 6.246 5.044 5.849
Jesbehy 24 6. 195 S>.428 5.4333
J830% 4 2'_) 6-'04 j.:jll} 5.325
J84ut Y 29 5.173 44990 5.3811
v$1432 29 60150 4,950 D.784
¥346% 2 2 6,139 4.928 5771
Y8488 31 3. 64127 4,997 5.757
2 DIV R 31 64115 4,334 5.742
28,484 35 6,091 4.834 56799
J85A48H2 34 6.018 4,847 5.492
YEndtag 39 6.@65 4.778 50674
los 31 9 31/ 6.037 4.M17 5,637
lJ' bxl“‘ 3\j 6.@23 4.663 506'6
lJs sy 3 6.8 4.643 5.592
1y Yi2o 4) 5,992 4,601 HeH67
lasllesdo 41 5.¥75 4,552 5.541
lusl 7846 44 2.918 4.363 De 44)
VY 3 2 B3P 45 5,095 4,252 5.393
los2lesy 41y 5.868 4.125 5.343
1J8242 2 4/ 5.838 3.892 54256
1,326 o 45 5802 3.291 2.144

JIA JULTAGE IS LESS [HAW Od EQUAL TO VOLIAGE LISIT *kkek TEST STOPPLE DA

A-3.12
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